Two novel and closely related tannins, designated as acutissimins A (1) and B (2), have been isolated from various Fagaceous plants: Quercus acutissima, Q. miyagii, Q. stenophylla, Q. mongolica var. grosseserrata and Castanea crenata. Degradative and synthetic studies combined with 1H-and 13C-NMR spectrometry and various mass spectral measurements have permitted the assignments. of the structures, in which ( + )-catechin (4) and the C-glycosylated ellagitannin, castalagin (3), are connected through a carbon-carbon linkage.
In previous papers, we demonstrated that the bark of Quercus stenophylla MAKINO (Fagaceae) produces a homologous series of unusual tannins (stenophyllanins A, B and C2) and stenophynins A and 133)) in which a flavan-3-ol (catechin) unit, one of the component units of condensed tannins, is connected through a carbon-carbon linkage to a hydrolyzable tannin. Taking the structural features into account, these tannins can not be classified into either condensed or hydrolyzable tannins, and we therefore believe that the recognition of these tannins as a new class is an interesting extension of the phytochemistry of tannins. In a continuing systematic chemical examination of the polyphenolic constituents in various Fagaceous plants, we have now isolated two new tannins, acutissimins A (1) and B (2) , which are structurally related to the above compounds, from Quercus acutissima CARRUTH. (Japanese name: Kunugi), Q. miyagii KOIDZ. (Okinawa-urajirogashi), Q. stenophylla MAKINO (Urajirogashi), Q. mongolica FISCHER var. grosseserrata (BL.) REHD. et WILS. (Mizunara) and Castanea crenata SIEB. et ZUCC. (Kuri), and in this paper we present a detailed account of the structural determination of these compounds.
Typical procedures for the isolation of acutissimins A (1) and B (2) from each plant material are as follows. Initially, the aqueous acetone extract was subjected to Sephadex LH-20 chromatography. Stepwise elution with water containing increasing amounts of methanol effected fairly good fractionation. Earlier fractions contained simple phenolic glycosides and lower-molecular-weight tannins, while acutissimins were less mobile with this solvent system and were almost invariably eluted in the final fractions. The acutissimin-containing fractions were subsequently chromatographed with a mixture of methanol-water on reversed-phase gels such as MCI-gel CHP-20P, Bondapak C18 Porasil B and/or Fuji-gel ODS-G3 to yield pure samples. These 1H-NMR observations suggested that a 5,7,3',4'-tetrahydroxy-flavan-3-ol is attached to a C-glycosylated ellagitannin at the C-6 or C-8 position. The carbon-13 nuclear magnetic resonance (13C-NMR) data were in good agreement with these observations, but were more informative. Almost the same chemical shifts for flavan C-ring carbons as those in (+)- the specific optical rotation of 8 thus established unequivocally the atropisomerism to be in the S-series.10) On the other hand, upon enzymatic hydrolysis with tannase, 1 liberated ellagic acid and an amorphous compound (10), whose molecular mass [m/z 903 (M -H) in the negative FAB-MS] confirmed its deshexahydroxydiphenoyl structure. The circular dichroism (CD) spectrum (Fig. 4 ) of 10 showed an intense positive Cotton effect at 237 nm and a negative one at 263 nm, both corresponding well to those found in castalin (11), whose triphenoyl ester moiety had been established to possess the S, S-configuration.6b) Thus, the atropisomerism in the triphenoyl group was concluded to be in the S , S-series. Unequivocal structural assignment of 1 was successfully achieved by condensation of 3 and 4. Refluxing of the mixture in dry acetone containing p-toluenesulfonic acid , followed by repeated chromatography over Sephadex LH-20 with ethanol and 60% aqueous methanol , afforded, together with a large amount of unreacted 3 , a condensation product, which was found to be identical with 1. The atropisomerism of the triphenoyl ester group was determined to be in the S,S-series from the close similarities of the CD spectra of 2 and 1 (Fig. 5) . The stronger intensities of the Cotton effects at 230-235 and 260 nm in 2 and 1 than those observed in 10 and 11 also supported the view that all the biphenyl and triphenyl chiralities are in the S-series.
From the chemical and spectral data described above, the whole structure was concluded to be represented by the formula 2.
Several Fagaceous plants contain both hydrolyzable and condensed tannins, though their contents and compositions differ remarkably among the species and also even in different parts of the plants. Considering that acutissimins A (1) and B (2) occur almost invariably in association with ( + )-catechin (4) and castalagin (3), they are likely to be biosynthesized by condensation of these compounds. The fresh bark (6.1 kg) of Q. acutissima was chopped into small pieces and extracted at room temperature with acetone-water (4 : 1). Concentration of the extract under reduced pressure afforded an aqueous solution, which deposited a resinous precipitate. After filtration, the filtrate was subjected to Sephadex LH-20 chromatography. Elution with water containing increasing proportions of methanol and finally with water-acetone (1 : 1) furnished three fractions. Fraction (fr.) I contained relatively lower-molecular-weight polyphenols. Fraction II was chromatographed over Sephadex LH-20 with a solvent system of ethanol-water-acetone12) to yield five further fractions; frs. II-1 (5.5 g), II-2 (5.1 g), II-3 (0.3 g), II-4 (7.3 g) and II-5 (32 g). The final fraction II-5 was repeatedly chromatographed over reversed-phase gels; MCI-gel CHP-20P, Bondapak C18 Porasil B and Fuji-gel, with water containing increasing amounts of methanol, to yield acutissimin A (1) (2.0 g). Similarly, fraction III was subjected to rechromatography over Sephadex LH-20 in water containing increasing amounts of methanol to afford four fractions; frs. III-1 (5 g), III-2 (8 g), 111-3 (12 g) and 111-4 (2.4 g). Repeated chromatography of fraction III-1 over the above reversed gels gave acutissimin B (2) (0.48 g). Preparation of 1 A mixture of (+)-catechin (4) (2.9 g) and castalagin (3) (2.9 g) in dry dioxane (150 ml) containing p-toluenesulfonic acid (0.13 g) was heated under reflux for 24 h. The solvent was evaporated off under reduced pressure, and the residue was repeatedly chromatographed over Sephadex LH-20 with 60% aqueous
